INTRODUCTION
Type II DNA methyltransferases (MTases) generally recognize short palindromic sequences and catalyze methyl group transfer from the donor S-adenosyl-L-methionine (AdoMet) to the N6-amino group of an adenine (Ade), or the C5 atom or N4-amino nitrogen of a cytosine (Cyt) in the target sequence (1) . Elucidating the mechanism(s) of action of these enzymes still remains an important problem in the area of biological DNA methylation. Furthermore, due to their high specificity and comparatively simple organization, the Type II MTases are excellent subjects for detailed studies on specific protein-DNA interactions.
The catalytic mechanism (2) as well as the three-dimensional structures of the (Cyt-5) MTases have been described (3) (4) (5) (6) . A most surprising and exciting result is that the Cyt residue to be methylated is flipped out of the DNA helix (5, 6) . Among the (N6-Ade) and (N4-Cyt) MTases, structures have been reported for the TaqI, PvuII, DpnM and RsrI MTases, respectively (7) (8) (9) (10) . With the exception of the M·TaqI, co-crystallization with DNA has not been successful for amino-MTases. The recently solved crystal structure of a M·TaqI-DNA-AdoMet analog ternary complex (11) shows flipping of the target Ade. However, M·TaqI and T4 Dam differ dramatically in their kinetic behavior, e.g., M·TaqI has a k meth that is 1/10 the rate of release of the enzyme from the methylated DNA product (E.Weinhold, Max-Planck Institute for Molecular Physiology, Dortmund, Germany, personal communication), whereas T4 Dam has a k meth that is 20-fold higher than k cat (and the rate of release of the enzyme from the methylated DNA product) (12) . Thus, the rate-limiting step in the methylation reaction differs for the two MTases, and it is reasonable to believe that there will be differences in both the structure and function of their ternary complexes. In the absence of a comparable structure for T4 Dam, we have taken advantage of alternative methodologies (13) (14) (15) (16) (17) (18) (19) (20) to study base flipping by this MTase. One of these methods is based on the substitution of a target Ade by 2-aminopurine ( 2 A), which serves as a fluorescent probe (13) (14) (15) (16) (17) (18) . The fluorescence intensity of 2 A incorporated into doublestranded DNA is very low, but sharply increases if the base (or nucleoside) is flipped out into the cavity of the enzyme's active site. We have used this property to investigate possible flipping in the methylation reaction catalyzed by the T4 Dam (N6-Ade)-MTase, which recognizes the palindromic sequence GATC (21) .
MATERIALS AND METHODS

Enzymes and chemicals
[ 3 H-CH 3 ]AdoMet was from Amersham. S-adenosyl-Lhomocysteine (AdoHcy) and sinefungin were from Sigma. Unlabeled AdoMet (Sigma) was purified further by chromatography on a C 18 -reversed-phase column as described previously (22) . Synthetic 20mer oligodeoxyribonucleotide duplexes contained 2-aminopurine (A→ 2 A substitution) and *To whom correspondence should be addressed. Tel: +1 716 275 8046; Fax: +1 716 275 2070; Email: moddna@mail.rochester.edu N6-methylAde (A→ m A substitution) in the GATC target site (underlined) were used as DNA substrates:
HPLC-purified oligodeoxyribonucleotide 20mers were synthesized at Midland Certified Reagent Co. (Midland, TX). The concentration of each oligodeoxyribonucleotide was determined spectrophotometrically from the molar extinction coefficients of the individual nucleotides and the known sequence. Duplexes were prepared by annealing complementary single-stranded oligodeoxyribonucleotides.
The T4 Dam MTase was purified to homogeneity as previously described (22) . Protein concentration was determined by the Bradford method (23). It was in close agreement with one determined spectrophotometrically in 6.0 M guanidinium hydrochloride, 0.02 M phosphate buffer (pH 6.5) using 33 710 M -1 cm -1 for the enzyme molar extinction coefficient at 280 nm, which was calculated from the known composition and molar extinction coefficients of individual aromatic amino acid residues (24) .
Fluorescence measurements
A dual beam difference Shimadzu RF-520 spectrofluorimeter was used for fluorescence measurements. The fluorescence was excited and detected at wavelengths of 320 nm (with 5 nm slit) and 370 nm (with 10 nm slit), which correspond to the maxima for 2 A excitation and fluorescence, respectively. The spectrofluorimeter was adjusted such that 0.0025 (arbitrary) units (a.u.) correspond to 1 nM of free 2 A/A duplex. Measurements were carried out at different DNA concentrations in reaction buffer (100 mM Tris-HCl pH 8.0, 1 mM EDTA, 1 mM DTT, 0.2 mg/ml bovine serum albumin and 5% glycerol) (22) at 25°C in the presence of increasing concentrations of T4 Dam MTase. A cuvette lacking duplex DNA was run as a control in order to correct for light scattering by the reaction buffer and protein intrinsic fluorescence. An intrinsic fluorescence of the duplex (without T4 Dam added) was also subtracted. In other experiments, T4 Dam was titrated by increasing oligonucleotide duplex concentrations. For these analyses, a control cuvette lacking T4 Dam was included in order to correct for light scattering and intrinsic fluorescence of the duplex.
Glutaraldehyde crosslinking of T4 Dam MTase
T4 Dam MTase (1 µM) samples were incubated with 0.0025% (v/v) glutaraldehyde in 10 mM sodium phosphate (pH 7.8) at 25°C for 40 min. Sodium borohydride was then added to a final concentration of 100 mM and incubation was continued for an additional 10 min. The samples were diluted into Laemmli sample buffer, boiled for 3 min. and analyzed by SDS-15% PAGE. Crosslinking was also carried out in the presence of specific oligonucleotide duplexes. In this case, T4 MTase was pre-incubated with different concentrations of oligonucleotide duplexes (on ice for 20 min) prior to treatment with glutaraldehyde.
Pre-steady-state T4 Dam MTase assay
The microvolume rapid quench instrument 'KinTek Corp. RQF-3' was used for pre-steady-state assays of T4 Dam MTase activity. Assay mixtures contained 100 mM Tris-HCl (pH 8.0), 10 mM EDTA, 10 mM DTT and 0.2 mg/ml bovine serum albumin. The feeding syringe containing the enzyme preparation was kept at 0°C to avoid inactivation of the T4 Dam MTase during the experiment. The other syringes, mixers and age-loops were equilibrated to 25°C, the temperature of the enzyme assay. Prior to the start of the next reaction an aliquot of the enzyme preparation was also equilibrated to 25°C in the sample loop. SDS (0.05% w/v) in 25 mM Tris-HCl (pH 8.3) was used as the quench solution. The quenched samples were collected in Eppendorf tubes, evaporated and adjusted to 100 µl; duplicate aliquots were spotted onto DE81 anion-exchange filter papers (Whatman). The 3 H-counts were summed and the molar concentration of ( 3 H-CH 3 )-groups incorporated into DNA was calculated as described earlier (25) . Reaction mixtures without T4 Dam added were treated in the same manner for background corrections.
Data analysis
Kinetic parameters were obtained using the program 'Scientist 2.01' (MicroMath Inc.) for non-linear regression analysis.
RESULTS
Fluorescence titration of 2 A-containing duplexes with T4 Dam: evidence for base flipping
Fluorescence excitation and emission spectra of the 2 A-substituted duplex, 2 A/A, were determined (data not shown). Based on these spectra, wavelengths of 320 and 370 nm were chosen for excitation and emission, respectively. The 2 A fluorescence intensities could be readily observed at a concentration of 1 µM duplex. As shown in Figure 1A , addition of T4 Dam to duplex 2 A/A resulted in an increase in 2 A fluorescence. The intensity was approximately proportional to the duplex concentration, and exhibited a 50-fold signal increase at saturating enzyme concentration. These results are analogous to those observed with several other MTases (13) (14) (15) (16) (17) (18) and consistent with flipping of the 2 A residue out of the DNA helix.
The hemimethylated duplex, 2 A/ m A, showed an analogous response to T4 Dam compared to the 2 A/A duplex (Fig. 1B) . However, at a duplex concentration of 200 nM, the fluorescence increase reached a maximum at 300 nM T4 Dam with 2 A/ m A, compared to 700 nM T4 Dam with 2 A/A, and then it decreased at higher enzyme concentrations. This decrease was reversible and not related to enzyme inactivation, because addition of more duplex to the mixture resulted in an increase in fluorescence intensity (Fig. 1A) . Therefore, we suggest that the decrease in fluorescence observed at higher enzyme concentrations was due to the formation of altered complexes in which the 2 A fluorescence was either quenched within the pocket of the enzyme, or its flipping was inhibited.
Effect of methylation cofactor and inhibitors on fluorescence titration
AdoHcy, the product of methyl transfer, is a competitive inhibitor of AdoMet in transmethylation reactions. Presence of AdoHcy did not dramatically reduce the fluorescence during T4 Dam titration of duplex 2 A/A ( Fig. 2A) . Furthermore, another cofactor-analog and competitive inhibitor, sinefungin, had even less of an effect on the character of the titration curve. However, in contrast to the methylation inhibitors, addition of substrate AdoMet led to a sharp reduction in the fluorescence intensity ( Fig. 2A) . Analogous titrations were carried out with the hemimethylated 2 A/ m A duplex. Since duplex 2 A/ m A is unable to serve as a methyl acceptor, an entire T4 Dam titration could be carried out in the presence of AdoMet. As seen in Figure 2B (lower curve) AdoMet reduced the fluorescence response, and the maximum fluorescence attained was similar to that observed when AdoMet was added at the standard titration-end points for the 2 A/A and 2 A/ m A duplexes (compare to Fig. 2A ). In contrast, presence of a saturating concentration of either AdoHcy or sinefungin produced only a minor decrease in the maximum level of fluorescence with the 2 A/ m A duplex (data not shown). Thus, the AdoMet-induced reduction in fluorescence following T4 Dam titration of the 2 A/A duplex must occur by a process independent of methylation per se, since it was also observed with the 2 A/ m A duplex, which is not a substrate for methylation.
To investigate the AdoMet effect further, we carried out a T4 Dam titration of a 20mer duplex having 2 (Fig. 3) . Addition of either duplex gave a rapid and large increase in fluorescence, and the two duplexes showed comparable affinities for T4 Dam. However, the characteristics of the curves were not the same as those for the titration of duplex by enzyme (compare with Fig. 1A and B) . Firstly, the curves in Figure 3 have sharper increases at the initial stages of the titrations. At equal concentrations (200 nM) of enzyme and duplex 2 A/A, the fluorescence intensities were approximately equal and independent of the order of component addition ( Figs 1A and 3A) . However, after this point the curves differed. That is, the titration of enzyme by duplex quickly reached a plateau in fluorescence (Fig. 3) , whereas the fluorescence continued to increase to a 2-fold higher maximum level in the titration of duplex by T4 Dam (Fig. 1A) . This suggests that different complexes were formed in the later stages of the two titrations, and that an oligomeric form of T4 Dam might participate in complex formation under conditions of enzyme excess, as suggested earlier from gel shift assays (26) .
As observed in the T4 Dam titrations of 2 A/A and 2 A/ m A duplexes ( Fig. 2A and B) , addition of AdoMet produced a substantial drop in fluorescence in both the 2 A/A and 2 A/ m A duplex titrations of T4 Dam (Fig. 3A and B) . This effect was reversible for both the 2 A/A and 2 A/ m A duplexes, because subsequent addition of sinefungin, a competitive inhibitor of AdoMet binding, raised the fluorescence close to the original levels (data not shown). Thus, AdoMet-induced reduction in fluorescence was independent of the manner in which the titration was carried out.
Glutaraldehyde crosslinking of T4 Dam
Glutaraldehyde can generate covalent bonds between lysine residues located at the interface between protein subunits (27, 28) . This crosslinking results in the stabilization of oligomeric forms of the protein, which can be subsequently identified by SDS-PAGE analysis. Therefore, we used glutaraldehyde to investigate the possible presence of oligomeric forms of T4 Dam. In order to approximate the conditions of our fluorescence titration experiments and to reduce chance crosslinking due to the close proximity of proteins at high concentration, we used low concentrations of T4 Dam (1 µM) and glutaraldehyde (0.0025%).
As seen in Figure 4 , exposure of the free T4 Dam to glutaraldehyde resulted in the formation of only a small amount of SDS-resistant oligomers ( (Fig. 4C) Figures 1 and 3 . Figure 5A shows the time course of multiple turnover reaction following addition of T4 Dam (saturated by pre-incubation with excess [ 3 H]AdoMet) to duplex 2 A/A, where duplex was in excess over enzyme. It is clear that a burst of methylated product was produced, followed by a slower steady-state rate of methylation. This is in agreement with our previous observations in which we obtained a burst of approximately one (i.e., one methyl group transferred per T4 Dam binding) (12) . Figure 5B shows the time course of a single turnover reaction following addition of T4 Dam (saturated by pre-incubation with excess [ 3 H]AdoMet), to duplex 2 A/A, where enzyme was in excess over duplex. Under these (single turnover) conditions a rapid exponential increase in product formation was observed, which reached a plateau of one, indicating that one methyl group was transferred per bound duplex. Thus, in both types of experiment T4 Dam catalyzed complete methylation of the 2 A/A duplex in a single binding event.
Methylation kinetics
A burst reflects rapid conversion of the initial enzymesubstrate complexes, followed by a relatively slower dissociation of the reaction products and then steady-state cycles of the reaction (29) . When the enzyme-AdoMet complex is in excess over the duplex, then the reaction course reflects a single conversion (turnover) of the substrates. If the initial binding is random, then there are two alternative orientations (productive and non-productive) of T4 Dam on the asymmetric DNA duplex. Thus, a single binding event should lead to methylation of only 50% of the bound DNA duplexes. However, in both the burst and single turnover experiments, T4 Dam catalyzed complete methylation of the bound duplex following a single binding event (Fig. 5) . Therefore, in order to modify all the Ade residues in the 2 A/A asymmetric duplex during a burst, the T4 Dam-AdoMet complex must have either discriminated between the two strands when it initially bound (binding only to the Ade-containing productive strand), or it must have undergone rapid re-orientation after binding in the non-productive orientation. This suggests that if the initial binding is random, then there are two distinct pathways leading to a complete burst; the first pathway occurs when the enzyme binds to the productive strand, and the second pathway occurs when the enzyme binds to the non-productive strand and has to re-orient. Thus, binding to the productive strand represents one step and binding to the non-productive strand represent a second distinct intermediate step to a complete burst. To investigate this possibility, we tried fitting the experimental data to an equation that describes a two-step burst reaction (29) , and continuation into a steady-state phase:
where k meth1 is the methylation rate constant for enzyme molecules that are initially orientated to the productive strand (where methylation can occur immediately), and k meth2 is the methylation rate constant for enzyme molecules that are initially bound to the non-productive strand and have to reorient to the productive strand before methylation can occur. P 1 is the total methylation level per bound duplex attained after the first step of the burst reaction (resulting from enzyme molecules initially bound to the productive strand), and P 2 is the total methylation level per bound duplex after both steps of the burst reaction have taken place; k cat is the rate constant of the steady-state phase. An equation analogous to the one above was used to fit the single turnover data; however, the steadystate component of the equation was deleted and [ 3 H-DNA] values were normalized to the duplex concentration. As seen in Table 1B , according to a two-step model, during the burst onehalf of the duplexes were methylated at a rapid rate (the first pathway of the reaction), and the other half were methylated at a rate that was ∼17-fold slower (the second pathway of the reaction). This resulted in the complete methylation of one Ade residue per bound 2 A/A duplex. Similar observations were also made in the single turnover experiment; i.e., approximately one-half of the methylation of the duplex occurred rapidly and the other half occurred at a rate ∼14-fold slower. Thus, the analysis of data by this two-step model suggests that the initial 
binding of the T4 Dam-AdoMet complex to the 2 A/A duplex was random.
Both experimental curves (Fig. 5) can also be fit to a classical one-step conversion (Table 1A) . If the initial binding of the T4 Dam-AdoMet complex to the 2 A/A duplex were random, a one-step model would predict a burst of one-half, since half of the enzyme would be bound to the non-productive 2 A strand; however, we obtained a burst of one. Therefore, if the one-step model is correct, we must conclude that the T4 Dam-AdoMet complex discriminates between the two strands when it initially binds (binding only to the Ade-containing productive strand). Although both experimental curves could be fit to either a classical one-or two-step conversion scheme, the goodness-of-fit was significantly higher for the two-step burst equation. We conclude that the results favor random binding of T4 Dam-AdoMet to the 2 A/A duplex, and that two distinct pathways lead to a burst of methylation. This suggests that when the T4 Dam-AdoMet complex binds to the non-productive strand, it can reorient to the productive strand without dissociating from the duplex (see Discussion). It should be noted that the results do not unequivocally rule out that T4 Dam-AdoMet is able to discriminate between the two strands during the initial binding.
Finally, it should be noted that the rate constants for single turnover were ∼3-fold lower than the k meth determined under burst conditions. The lower rate constants for the single turnover experiments may result from an altered structural state of T4 Dam in these experiments, since the DNA duplexes contained more than one bound T4 Dam molecule (as indicated by the glutaraldehyde crosslinking experiments in Fig. 4) . However, it follows that complexes containing multiply bound T4 Dam were catalytically active, although their catalytic efficiency was ∼3-fold lower than complexes containing only one bound T4 Dam.
DISCUSSION
A dual role for the substrate AdoMet in the methylation reaction with T4 Dam DNA-[N6-adenine]-methyltransferase
It is generally accepted that the strongly fluorescent Ade isomer, 2 A, introduced in the target-base position of a specific Table 1 . Kinetic parameters of duplex 2 A/A methylation by T4 Dam in the 'burst' and 'single turnover' experiments based on (A) a one-step model and (B) a two-step model a P is the total methylation level per bound duplex; P 1 is the total methylation level per bound duplex attained after the first step of the burst (or single turnover) reaction resulting from enzyme molecules initially bound to the productive strand; P 2 is the total methylation level per bound duplex after both steps of the burst (or single turnover) reaction have taken place. b k meth is the methylation rate constant; k meth1 is the methylation rate constant for enzyme molecules that are initially orientated to the productive strand (where methylation can occur immediately), and k meth2 is the methylation rate constant for enzyme molecules that are initially bound to the non-productive strand and have to re-orient to the productive strand before methylation can occur. c k cat is the steady-state rate constant. (26, 33) . While the effect of added sinefungin or AdoHcy was only minor (Fig. 2A) , when AdoMet was added to the mixture of T4 Dam and the 2 A/A (or 2 A/ m A) duplex, the fluorescence dropped ∼5-fold ( Fig. 2A and B) . This was not due to methylation of the duplex per se, but rather to some other effect of AdoMet. This conclusion follows from the fact that both the 2 A/ m A duplex and the 2 A/A duplex behaved similarly, but the former is not a substrate for methylation. Further insight came from the T4 Dam fluorescence titration with the symmetrical duplex 2 A/ 2 A. In this experiment, added AdoMet had no effect on the final fluorescence level (Fig. 2C) , indicating that there was no interference with 2 A-flipping or destabilization of the flipped 2 A or quenching of its fluorescence (such as by altering the environment of the flipped residue).
AdoMet binding to T4 Dam is known to induce an allosteric alteration in T4 Dam conformation, as demonstrated by tryptophan fluorescence quenching analysis (34) . In addition, the methylation kinetics data (Table 1B) indicate that the enzyme-AdoMet complex was oriented ∼50% of the time to the productive strand and, thus, bound randomly to the DNA duplex. Based on this, we propose the following model. In addition, a burst value of one with the ( 2 A/A) duplex (Fig. 5A) indicates that for every binding event, the Ade residue was methylated. This requires that a T4 Dam molecule oriented to the non-productive strand be able to reorient to the productive strand without dissociation. Although we have not presented direct experimental evidence that the T4 DamAdoMet complex does not strand-discriminate during initial binding (as opposed to binding randomly and undergoing reorientation), our data best fits the reorientation model. Thus, when a T4 Dam-AdoMet complex collides with an asymmetric 2 A/A duplex under 'burst' conditions ([enzyme]<<[duplex]), it binds at random. Methylation proceeds rapidly only with the T4 Dam correctly oriented to the target Ade (productive strand). A slower, second phase of the burst ensues following reorienting of the T4 Dam, which was initially oriented to the non-productive 2 A strand. Since burst conditions are normally found in vivo (a large excess of DNA substrate to enzyme), our model best describes how T4 Dam normally interacts with its substrate. In this regard, it is interesting to note that, in the case of the RsrI MTase, the burst value for a hemimethylated 14mer substrate duplex was also one (17) . If the RsrI MTase bound randomly to the duplex and was unable to re-orient when it bound to the non-productive strand (containing m A), a burst value of 0.5 should have been observed. However, since there was complete methylation of the hemimethylated DNA substrate, as with T4 Dam (12), it appears that either the RsrI MTase is capable of re-orienting when it interacts with an asymmetrically modified recognition site or it has a preferred affinity for the productive strand. It would be interesting to determine whether other (N6-Ade) or (N4-Cyt) DNA MTases are capable, in fact, of re-orientation and whether AdoMet plays a role in strand specificity for these enzymes.
Interrelationship between binding, T4 Dam orientation, base flipping and methylation
From gel shift assays, the order of decreasing affinity of T4 Dam for duplexes with different target bases (or defects) is mismatch = deletion = abasic site > m A > A > 2 A (26, 33) . The simplest assumption is that T4 Dam binds a duplex and orients to that strand containing a target base (or defect) for which it has a stronger affinity. Hence, we can assume that the highest orientation affinity occurs during binding in the presence of AdoMet. This assumption is strengthened by the observed 'burst' value close to 1.0 during pre-steady-state methylation of the 2 A/A duplex (Fig. 5A) . Such a value signifies that each bound T4 Dam molecule was correctly oriented with respect to the methylatable Ade residue. However, the simple assumption of the 'highest affinity orientation' is inconsistent with other data. For example, according to the array of affinities above, in binding the hemimethylated m A/A duplex, T4 Dam should be oriented preferentially for flipping the m A residue, so that a non-productive complex should be formed. However, the 'burst' value of m A/A and the native A/A duplex was the same (12) . Hence, a hierarchy of preferential T4 Dam orientation, with respect to an unmodified target Ade residue, is more complicated than discussed above, and 'higher affinity' and preferential orientation are not related.
In the case of the more extensively studied MTase, HhaI, the interrelationship between binding and enzyme orientation about an asymmetric duplex is also ambiguous. M·HhaI binds the hemimethylated duplex, containing recognition sequence GCGC/GMGC (where M is 5-methylCyt), better than the unmethylated duplex. However, the crystal structure of M·HhaI complexed with duplex DNA, containing a hemimethylated, asymmetrical recognition sequence GCGC/GMGC, showed that the unmethylated target C residue was flipped out of the DNA helix (35) . A structural basis for this preferential binding was proposed (35, 36) . On the other hand, in mismatched duplexes where G was not matched with its complementary target C, a mismatched Ade, uracil or abasic site was flipped out of the DNA helix, adopting the same conformation in the catalytic pocket as the normal residue (37) . In contrast to the GCGC/GMGC duplex, such preferential orientation of enzyme to the strand containing the site modification conforms to the 5-to 10-fold increase in affinity to M·HhaI, if mismatches are introduced within a specific sequence context (36, 38) .
Two experiments show that nucleoside flipping and target base methylation by M·HhaI is most likely directly mechanistically connected. First, M·HhaI does not methylate the target C residue in the mismatched duplex GAGC/GCGC, where A is flipped-out (37, 39) . Secondly, it was directly shown that M·HhaI methylates the target base in the flipped state. The crystal structure of a ternary complex of M·HhaI, AdoMet and DNA containing 4′-thio-2′-deoxycytidine showed two distinguishable locations of the methyl group, which reflects partial methylation at C5 of the flipped target, 4′-thio-2′-deoxycytidine (40) . A mechanistic connection between target base flipping and methylation is less clear with T4 Dam. Unlike the HhaI MTase and its asymmetric duplex, T4 Dam methylated the mismatched duplex GATC/GTAC (top strand A) and showed a burst value close to 1.0 (12) . On the other hand, in the absence of AdoMet, T4 Dam titration of duplex G 2 ATC/ GTAC produced only a low fluorescence increase at saturating enzyme concentration (data not shown). This can be ascribed to preferential enzyme orientation with respect to the mismatched strand. However, when AdoMet was added at the titration end point, a 30% increase in fluorescence level was observed. Although this effect was rather weak, it suggests that in the presence of AdoMet the ability of the enzyme to orient to the more 'native'-like strand increased. Thus, these results suggest that there is no clear correlation between (stable) base flipping and subsequent methylation.
The role of AdoMet in the methylation reaction of T4 Dam goes beyond that of simply serving as a methyl donor. First, AdoMet-binding induces a conformational rearrangement in T4 Dam (34) . This not only results in an increase in the affinity of the enzyme to bind specific DNA containing its recognition site (26, 33) , but it also results in an increased specificity for the strand containing the target base within the recognition site, as demonstrated in this paper. As a consequence of the AdoMetinduced conformational rearrangement and increased specificity, T4 Dam is capable of undergoing a rapid reorientation to the productive strand in an asymmetrically modified recognition site. We have demonstrated this with the asymmetric 2 A/A and 2 A/ m A duplexes, but the situation with the physiologically significant A/ m A remains to be determined. It should be mentioned, however, that we have observed a burst of approximately one using pre-formed T4 Dam-AdoMet + m A/A duplex, as well as with pre-formed T4 Dam-m A/A duplex + AdoMet (12) . Biologically, it makes sense for the MTase to be able to reorient from a strand containing m A to the one containing Ade without dissociating from the DNA, so as to increase the efficiency of methylation of hemimethylated DNA produced by replication in vivo.
